Associação Brasileira de Pesquisa e Pós-
Introduction
Functional evaluation of the diaphragm muscle is essential in clinical practice because the mobility of this muscle within the thoracoabdominal complex is responsible for much of the pulmonary ventilation [1] [2] [3] . However, direct evaluation of this muscle is practically inaccessible because, unlike other skeletal muscles, the diaphragm has a complex shape, and its anatomical location presents challenges to measurements of its ability to generate force and movement 4 . Some imaging methods can be used to evaluate the mobility of the diaphragm, such as fluoroscopy, ultrasound, computerized axial tomography, magnetic resonance imaging and thoracic radiography [5] [6] [7] [8] [9] . Fluoroscopy has been considered the most reliable method (gold standard) for quantitative assessments of the range of craniocaudal diaphragmatic motion. Although it is a simple method that permits observation of two hemidiaphragms and the analysis of regional pulmonary ventilation, fluoroscopy has some disadvantages such as high patient exposure to ionizing radiation, diaphragm visualization through a single plane and the need for corrective calculations 6 . In contrast, the radiographic method is easy to use, non-invasive, inexpensive and can be performed in most hospitals and clinics because radiography equipment is commonly found in these environments. Although radiography exhibits the same disadvantages as fluoroscopy, the patient is exposed to a lower radiation dose.
Moreover, the radiographic method for the evaluation of diaphragmatic motion provides clinical practices with the ability to reliably measure the functionality of the diaphragm muscle and is valid for health care professionals that seek to establish functional diagnoses and/or monitor treatment progression. These factors are important because diaphragmatic muscle dysfunction can be observed in various clinical situations, such as in patients with muscular dystrophy or phrenic nerve injury, in patients undergoing thoracic and/or abdominal surgeries and in patients with chronic obstructive pulmonary disease [10] [11] [12] . Several studies have been performed to evaluate diaphragmatic mobility by the radiographic method 7, [13] [14] [15] [16] [17] ; however, there is no examination standardization, and there is also a lack of studies to verify the reliability of the method. A reliable instrument is known to be able to measure the same parameters at different times, regardless of whether the same evaluator performs the measurements, thus ensuring the reliability of the results. Therefore, reliability studies are highly necessary to detect changes in the measured parameters and to ensure the reduction of measurement errors
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. Despite the importance of assessing the reliability of instruments of measurement, no previous studies have confirmed the intra-and interobserver reproducibilities of the radiographic method for evaluations of diaphragmatic mobility; similarly no previous studies have investigated the reliability of radiographic measurement as a method for the evaluation of left and right hemidiaphragmatic mobility in adults. Therefore, the objective of this study was to analyze the reliability of radiographic measurement as a method for assessing the right and left hemidiaphragmatic mobility in adults.
Method

Characterization of the research
The study was characterized as an observational and cross-sectional evaluation of reproducibility tests that sought to assess the degree of agreement between mobility measurements of the right and left hemidiaphragms via the radiographic method. Radiographs were selected randomly and were evaluated by two different and blinded observers. The evaluations were repeated by the same observers under similar conditions at one week after the initial evaluation.
Population and sample
Forty-two patients who were hospitalized in the Surgery Ward of the São José Dr. Homero de Miranda Gomes Regional Hospital (Hospital Regional de São José Dr. Homero de Miranda Gomes -HRHMG), in the city of São José, SC, Brazil, from September 2010 to August 2011 were selected for the study. These patients had been admitted for cholecystectomy.
The inclusion criteria for participants were as follows: verification of normal pulmonary function, age between 18 and 70 years old, and not suffering from cognitive or neurological disease. Patients excluded from the study included those whose chest radiographs showed poor visualization of the diaphragmatic cupules and thus showed no difference between the inspiratory and expiratory moments and/ or those whose radiographs showed abnormalities. The study was approved by the Research Ethics Committee of the HRHMG under protocol no. 027/11, and all participants signed an informed consent form.
Research procedures
In the Surgical Clinic of the HRHMG, the participants underwent physical examinations for the measurements of cardiorespiratory signs and anthropometric variables, assessments of pain and evaluations of pulmonary function. All tests were performed by a single examiner. For chest radiographs, the patients were sent to the Department of Radiology at the same hospital.
Evaluation of cardiorespiratory signs and anthropometry
Oxygen saturation (SpO 2 ) and resting heart rate (HR) were measured with a pulse oximeter (Linde Model MD300). The respiratory rate (RR) per minute was evaluated by observing the movement of the thorax during respiration.
A mechanical anthropometric scale coupled with a stadiometer (Filizola model 31) was used for body mass measurements. The participants were instructed to wear light clothing, remove their shoes when stepping onto the scale and stand erect while facing forward. The stadiometer coupled to the scale was used to measure height, and the participants were measured without shoes, with heels together and while standing as upright as possible. After obtaining the anthropometric values (body mass and height), the body mass indices (BMI) were calculated from the following equation: body mass/height 2 (kg/m 2 ).
Assessment of pain
Pain intensity was measured with the Visual Analogue Scale (VAS). This scale has drawings of facial expressions that are each associated with a numerical scale from zero to ten in order to represent pain; in this scale, a happy face and number zero indicated the absence of pain, and a sad face and number ten represented unbearable pain 19 . The patients were asked whether they felt pain and to classify the level.
Pulmonary function test
The pulmonary function test was performed with the use of a digital portable spirometer (ndd Medical Technologies EasyOne TM Diagnostic Spirometer) that had been previously calibrated according to the methods and criteria recommended by the American Thoracic Society 20 . We evaluated the forced vital capacity (FVC), forced expiratory volume in the first second (FEV 1 ) and the FEV 1 /FVC ratio. During the test, at least three acceptable and two reproducible assessments were obtained (e.g. the two largest FVC and FEV 1 values should have a difference of ≤ 0.15 L). The highest values obtained for each of the spirometric variables were considered. These values were expressed in absolute values and as percentages of predicted normality according to those determined by Pereira et al. 21 . The criteria for a normal pulmonary test consisted of FVC and FEV 1 of ≥ 80% of predicted values and FEV 1 /FVC of ≥ 0.7.
Radiographic evaluation of diaphragmatic motion
The mobility of the right and left hemidiaphragms was evaluated by chest radiography in the anteroposterior view. For the chest radiographs, the patients were referred to the Department of Radiology at the HRHMG and were positioned on a radioscopy table in the supine position. During the exams, a ruler with radiopaque markings was placed under the right hemithorax of patients near the thoracoabdominal transition, in a longitudinal alignment and in the craniocaudal direction. The radiographic exposures were obtained during maximal inhalations and exhalations by an experienced radiographer who was properly qualified to perform the test. Patients were instructed in advance by the physical therapist responsible for the project to achieve and sustain maximum respiratory efforts during the exams. The physical therapist monitored the acquisition of all radiographs. In an attempt to minimize possible methodological problems, the radiographic technique, the posture adopted by the individual during exposure as well as the verbal stimulation performed by the radiology technician were standardized in an attempt to obtain maximum diaphragmatic excursion in both the inspiratory and expiratory phases.
Quantifications of the radiographic measurements of right and left hemidiaphragmatic mobility were independently determined by two physical therapists (observers A and B) during two separate stages (first and second assessment) that were separated by an interval of one week. The same radiographs were analyzed in both the first and second assessments.
A third physical therapist randomly presented radiographic exams for evaluation by the observers and noted the results. Thus, observers A and B could not identify to which patient the radiographs belonged nor did they have access to the evaluation scores of the other observer. The results were analyzed after the completion of all reviews.
To determine the radiographic measurements, observers A and B used the method described by Toledo et al. 7 , in which radiographic images of the maximal inspiration and expiration of each patient were carefully overlapped to measure the diaphragmatic motion. In the maximal expiration radiographic images, the observers identified the highest point of the cupola of the right hemidiaphragm and drew a longitudinal line from this point. The intersection of this line with the hemidiaphragmatic cupola was used to define the measurement point at maximal inspiration. The mobility of the right hemidiaphragm was then determined by the distance between the points at the maximum inspiration and expiration with a Messen 150 mm/6 digital caliper ( Figure 1 ). The same procedure was used to evaluate the mobility of the left hemidiaphragm.
A radiographic ruler was used to correct the amplitude determined by the divergence of the X-rays and also as a reference for overlapping the images. To correct for the magnification of the images due to X-ray divergence, the observers measured the distance between two graduation points on the radiographic image that corresponded to 10 mm. The corrected value of hemidiaphragm mobility was therefore obtained by the following formula: Corrected mobility (mm) = mobility measurement (mm) x 10 (mm) / measured graduation of the ruler (mm) 7 .
Statistical analysis
The data were analyzed with the SPSS Program for Windows, version 17.0, and they were tested with descriptive (mean and standard deviation) and inferential analyses. The Shapiro-Wilk test was used to verify the normality of the data.
The intra-and interobserver reproducibilities of the radiographic measurements of right and left hemidiaphragmatic mobility were determined by the Intraclass Correlation Coefficient of two routes with absolute agreement (ICC [2, 1] ; two way random model, with absolute agreement) and the 95% confidence interval (CI).
The ICC was interpreted as follows, according to the Munro classification system 22 Due to the non-parametric distribution of the data, the Wilcoxon Test was used to verify the differences between the mobilities of the right and left hemidiaphragms. The significance level adopted for statistical treatment was 5% (p<0.05).
Results
Initially, 52 participants were selected for the study; however, ten were excluded from the study due to a lack of high-quality radiographs. Of the 42 participants selected, 27 were female (64.3%) and 15 were male (35.7%); the mean age was 39.7±13.7 years, and the mean BMI was 29.4±37.6, thus classified as overweight. All participants were using analgesics and reported zero pain on the VAS.
The anthropometric characteristics and the values obtained in the pulmonary function tests of the participants are shown in Table 1 .
There were no statistically significant differences in the mobility measurements of the right and left hemidiaphragms made by the observers at the two different evaluation periods. In the first assessment, the mobility values of the right (RH) and left hemidiaphragms (LH) when analyzed by observer A were 36.65±17. 86 In the analysis of intraobserver reproducibility, the ICC indicated a very high correlation in the assessment of radiographic measurement of the right and left hemidiaphragms for both observer A (ICC [ Table 2 . According to the Bland-Altman (Figure 2 ) plots, correlation is observed between the measures of mobility of the right and left hemidiaphragms that were obtained by each observer on two occasions (intraobserver agreement).
Also according to the Bland-Altman plots (Figure 3) , correlation is observed between the mobility measurements of the right and left hemidiaphragms that were obtained by observers A and B in both the first and second radiographic evaluations (interobserver concordance).
Discussion
Both the intra-and interobserver evaluations of mobility measurements of the right and left hemidiaphragms, which were performed with a radiographic method in this study, are reproducible. This exam is easy to use in clinical practice, provides a reliable method with which to measure diaphragmatic mobility, and is valid for health care professionals who seek to establish functional diagnoses and/or monitor treatment responses. This is important because diaphragm muscle dysfunction can be observed in various clinical situations, including patients with muscular dystrophy, patients with phrenic nerve injuries, patients undergoing thoracic and/or abdominal surgeries and patients with chronic obstructive pulmonary disease 9, [10] [11] [12] . Reliable instruments are essential in clinical practice because the use of subjective methods could compromise the obtained results. Therefore, it is extremely important that any instrument or assessment method is evaluated with respect to its reliability in order to ensure that the measurement error is reduced and to detect changes in the measured parameter
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. The average mobility of the right hemidiaphragm was 36.6±17.5 mm, a result similar to that found in a study by Toledo et al. 7 , in which the average value obtained in the radiographic evaluation of the mobility of the right hemidiaphragm was 34.8±17.0 mm.
According to Simon 24 , most adults have a diaphragmatic excursion ≥30 mm. Houston et al. 25 reported that normal diaphragm mobility is >20 mm, and Gerscovich et al. 26 reported similar results to those of Houston et al. 25 . Although the values of diaphragmatic motion observed in our study were considered normal, there are no studies in the literature that have described reference values for this variable. Moreover, there are no predictive equations for normal diaphragmatic mobility within the Brazilian population. However, it is crucial to understand the predictive value of this variable in order to optimize evaluations of diaphragmatic dysfunction and to enable the establishment of focused physical therapy.
There were large ranges of variation (in mm) in the obtained minimum and maximum values, and such variations were also reported in other studies 8, 6, 24 . Simon et al. 13 observed a diaphragmatic value range from 0 to 85 mm, Houston et al. 25 observed a range from 23 to 97 mm, Kantarci et al. 27 observed a range from 25 to 84 mm and Boussuges et al. 8 observed a range from 36 to 92 mm. This large variability in the values of diaphragmatic mobility might be due to the patient BMI, which is a useful measure for assessments of excess body fat; according to the international classifications 28 , adults with a BMI between 25 and 29.9 are considered overweight. Obesity is known to hinder respiratory mechanics because a decrease in functional residual capacity due to chest compression results in an elevated diaphragm 29 . Thus, increased mechanical work is required for breathing and the diaphragm acts against the pressure of the distended abdomen 30 , which can limit its mobility. In the present study, only two participants were of normal weight, and most were classified as pre-obese, which leads us to believe that the observed average diaphragmatic mobility might have been higher if the average BMI of the participants was lower.
In addition to the BMI, age can also influence the variability of diaphragmatic mobility measurements. Some studies that investigated the use of radiographic techniques had large variations in participant age. Simon et al. 13 conducted a study with 188 patients between the ages of 15 and 65 years old. Toledo et al. 7 evaluated 51 patients between 15 and 71 years old. In studies performed by Singh et al. 16 and Fernandes et al.
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, the ages of the participants were also varied, but the variations were slightly lower than in the above-mentioned studies and ranged from 40 to 80 and 53 to 70 years old, respectively. This variation was also observed in our study, a factor that might have affected the variability of the observed mobility results because older patients tend to have poorer functional pulmonary mechanics 31 than younger patients. However, these data do not compromise the results of our study because our main objective was to determine the reproducibility of the measurements obtained with this method.
The ICC, a reliability test of the observers, was used to verify the reproducibility of measurements of diaphragmatic motion that were obtained via the radiographic method. This test indicated a very high correlation between the measurements obtained by a single observer (intraobserver) and by different observers (interobserver) for both the right and left hemidiaphragms. The mobility measurements of the right hemidiaphragm as determined by chest radiography were found to be reliable.
In the present study, the reproducibility of the radiographic method was not verified due to the excess radiation to which the participants would be exposed; therefore, we instead chose to evaluate the reproducibility of the measurements obtained by this method. Moreover, because the participants were admitted to the hospital, they were subjected to a series of routine tests and sometimes were unwilling to participate in the study evaluations, which limited the patient sample size. The present study is unprecedented; other studies have used chest radiography to assess mobility of the diaphragm but to date, none have analyzed the reliability of the measurements obtained by this method. Other factors that led us to choose the method for this study included the relative simplicity when compared to other methods for evaluations of diaphragmatic mobility, the ease of access to radiological equipment in hospitals and clinics, the ease of application, the low cost and the ability to evaluate both diaphragmatic cupolas.
Conclusion
The radiographic method was shown to be a reliable and reproducible instrument for direct evaluations of the mobility of the right and left hemidiaphragms, according to both intra-and interobservational evaluations. This technique is easy to use in clinical practice and provides a reliable method with which to measure the extent of diaphragmatic mobility.
